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considered that it is probably derived from the
same ancestral stock that gavc rise to the
Pseudomyinae.

Baverstock er al. (1977b) conecluded that
sperm morphology might be a particularly use-
ful character in gaining further evidence about
the phylogeny of Australian rodents, as sperm
are less likely to be related to the lifestyle of
the animal than morphological characters. In
this study, thercforc, wec present data on
spermatozoal morphology. togcther with some
other aspcets of the male reproductive tract
anatomy, from representatives of the main
groups of Australian native rodents.

Materials and Methods

Animals: Rodents used in the present study
were obtaincd from the following sources:

The hopping mice (Notonrys alexis) and
plains mice (Pseudomys australis) were derived
from a laboratory stock maintained at the
Medical School, University of Adelaide (sce
Breed 1975).

The water rat (Hydroniys cliryvsogaster) was
obtained from the River Torrens near Ade-
laide; Rattus fuscipes greyi was collected near
Stirling, S.A.. Pseudomys hermanunsburgensis
was laboratory bred from parents collected
near Curtin Springs. N.T., and Zyzouwys
argurus and Zyzomys woodwardi were col-
lected near Darwin by Dr R. Begg.

Material from the following species was
obtained from animals held at the Institute of
Medical & Veterinary Science ficld station in
Adelaide: Pseudomys higginsi, P. apodemoides
(sec Baverstock et al. 1977a for specific ter-
minology), P. nanus, Conilurus peuicillatus,
Leporillus conditor, Melomys littoralis, M. cer-
vinipes, Uromys caudimaculatus, Rattus leuco-
pus leucopus, R. sordidus, R. colletti, R.
lutreolus and Notopys mitchellii (for details
of sites of capture sce Baverstock et al. 1977b,
1977c. Robinson er al. 1978). Nomenclature
of Rattus spp. used is that of Robinson et al.
1978.

Preparatiou  of spermatozoa: Spermatozoa
from | Hydromys clicysogaster, 4 M. littoralis,
6 N. alexis, 1 P. apodemoides, 4 P. australis,
1 P. hermannsburgensis, 3 R. fuscipes greyi
and 4 Z. argurus were obtained immediately
after killing the animals with chloroform. The
tail of one cpididymis and adjacent vas
deferens was dissected out and sperm droplets
squeczed onto several slides. Thin smears were
made by using the edge of another slide.

Spermatozoa from the other species wcre ob-
tained after anaesthetising the animals with
urethane. A small incision was then made in
one scrotal sac and part of the tail of onc epi-
didymis was removed from  which sperm
smears were obtained as described above.
After allowing the smears to dry. they were
flooded with 2.5% glutaraldehyde in 0.01M
sodium cacodylate fixative and a coverslip
placed on top which was fixed in position with
De Pe X to give a semi-pcrmancnt mount, Lat-
terly wet smeuars werce fixed with cither glu-
taraldchyde or picrie acid/glutaraldehyde/ for-
maldehyde mixturc (sce lto & Karnovsky
1968).

Methods of assessiweut  of  spermatozoa:
Smears were inspected by phase contrast and
spermatozoa that appearcd intact, straight, and
reasonably well isolated, were sclected for
measuring. Using an eyepiecc micrometer the
following measuremcnts werc made: (1) head
Icngth from the most caudal part of head to
top of the curve (see Braden 1959). (2) length
of midpiece, and (3) length of remainder of
tail (usually the prineipal and cnd picces were
not well differentiated, so they were included
together as one measurement). Several sperma-
tozoa from each individual were observed and
usually the measurements werc similar or iden-
tical. When some variation occurred the range
has been included (Table 1).

Smears were also observed by Nomarski dif-
ferential interfercnce microscopy, and seleeted
spcrmatozoa photographed. Measurements ob-
tained by phasc contrast were compared with
those made from photographs obtained by
Nomarski.

Attempts werc made to dctermine the
prescnce of the acrosome and the distribution
of DNA in the sperm head from P. australis.
M. littoralis, N. alexis, Z. argurus and H.
clirysogaster,  The DNA  was  dcterminéd
according to the Feulgen method (Pcarse
1968} and by the use of DAPI (Russell et al.
1975). After staining by the Feulgen method
smears were observed by epifluorescence using
green excitation (Plocm 1967) (Olympus exci-
tation filter IF 545, with a G dichroic mirror
and barrier filter Y595) and by normal bright
field microscopy. When DAPI in distilled
water (about 0.001% ) was used the filter sys-
tem included ultraviolet excitation (UG 1), U
dichroic mirror, and Y455 barrier filter. Acri-
dine orange was used in an attempt to visualise
the acrosome by fluorescence microscopy (scc
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Fig. 1. Spermatozoa: A. Leporillus conditor; B. Uramys caudimaculatus; C. Conilurus penicillatus: D,
Zyzomys argurus; E. Pseudomys higginst; V. P. ermannsburgensis; G. P. nanus; H. P. australis;

1. P. apodomoides; J. Hydromys clirysogaster.

acrosome

Bishop & Walton 1960). For this, blue excita-
tion (BG 12). B diehroic mirror, and Y455
barrier filter were used.

Bocdy, testis and accessory organ weights: Some
of the animals from which spermatozoa werce
obtained were weighed and one testis, seminal
vesicles together with coagulating glands if
present, and ventral prostates were also
removed and weighed after removing adherent

mp = midpiece pp = principal piece ac =

fat from the organs. The weight of a single
testis was doubled to give an approximate
weight of the paired testes.

Resulfs
Spermatozoal morphology

Figs 1 & 2 and Table 1 show the morpho-
logy of the head and mid-picce of spermatozoa
from the various speeies. Intra-individual
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TABLE 1

Comparative head and il lengths of spermatozoa
from various Australian native rodents.

Size of spermatozoa (um)

Principal
Length Mid- and Total

Species of head* piece end piece length
Conilurus

penicillaius 7 20-22 96 123-125
Hydronys

chrysogaster 7 20 88 115
Leporillus conditor 9 23 78 110
Melomys littoralis 8 22 80 110
Notoniys alexis S-8 25-27 70 100-105
N. mitchellii 9 24 65 98
Pseudomys

apodemoides 8 22 90 120
P_australis 9 23 88-93  120-125
P. hermanns-

burgensis 8-10 23 85 116-118
P. higginsi 8 20-22  70-85 98-115
P. nanus 9 22 96 127
Ratius colletti 12 51 95 158
R. fuscipes greyi 12 48 102 162
R. L leucopus 12 135 147
R. lutreolus 13-15 54 95 162-164
R, sordidus 12 45-50 95 152-157
Uromys

caudimaculatus  8-10 20 72-82 100-112
Zyzomys argurus 7 22 108 137

* From base to top of curvature of hook.

variation was small exeept for sperm from
Notomys alexiy and N. mitchellii.

Sperm from all spccies, apart from Rattus
spp. and Notonys spp. conformed to the same
general pattern. The sperm head had a fairly
broad base which tapered to two or three
prongs or hooks. The top hook was usually
larger and invariably single, whereas the lower
one was often bifid. There was inter-spccific
variation in head length (Table 1). Staining
with Feulgen and DAPI demonstrated that the
top prong consisted of DNA. and Acridine
orange indicated the presencc of an acrosomec
covering the nuclear material on top of the
hook and extending beyond its tip. The lower
hook(s) appcared to have DNA only at the
base and no orange or red colour was obtaincd
with Acridine orange.

About one-third the way up the ventral side
of the sperm head a small spike ocecurred to
which is attachcd the connecting picce. On the
dorsal side, a ridge could sometimes be secn
which stained orange with Acridine orange,

and presumahly represent the continuation of
the acrosome down the dorsal side of the head.
The midpiece had very prominent gyres of
mitochondria,

Species that conform to the above general
pattern and had threc hooks included Leporil-
lus  conditor, Pseudomys hermannsburgensis,
P. australis, P. higginsi, P. nanus, P. apode-
moides, Conilurus penicillatus, Melomys lit-
toralis, M. cervinipes and Uromys caudinaci-
latny. These spermatozoa were similar cxeept
that the length of thc head of C. penicillatuy
was shorter. Melomys littoralis and M. cer-
vinipes had smaller hooks, and only on e¢lose
cxamination were three discernible, Zyzomys
argurus, Z. woodwardi and Hydromys chryso-
gaster had spermatozoa of the same basic
structure but the hooks were not so long and
only two were visible, No bifid lower prong
could be seen. The sperm heads tended to be
shorter than most of thosc with the three
hooked sperm, and the breadth of the sperm
head was also less. H. chrysogaster also had a
relatively short midpiece.

The spermatozoa from Notomys alexis were
variable but consistently different. Fig. 2 shows
three different morphological types. The head
length was generally short and there was usu-
ally a short top hook and a very truncated
lower hook. Only the top hook appeared to bc
surrounded by an aerosome. The midpiece of
N. alexis was generally longer than that for
other species deseribed above (sce Table 1),
hut the principal/cnd piece appeared shorter.
N. mitchellii also had intra-individual variable
spermatozoal morphology. Somctimes there
was a single top hook which was longer than in
N. alexis and a short truneated lower hook,
whereas on other occasions, two or three
straight short hooks occurred.

The spermatozoa of all Rarttus speeies were
markedly different from those deseribed and
generally appeared similar to cach other and
to R. norvegicus and R, rattus (Friend 1936).
The hcads were long and attenuated with a
long sharp hook. Acridine orangc dcmon-
strated thc acrosome primarily on the top sur-
face of the sperm head and extcnding beyond
the DNA to the tip of the hook. The junction
betwecn the mid and principal piecc was not
casily visible, in contrast to the situation in
the previous species described, but when
visible it appeared that the midpiccc was at
least twice as long as that for sperm from the
other groups of Australian rodents. Since the
prineipal and end picces were generally similar
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Fig. 2. Spermatozoa: A. Mclomys littoralis; B. Notomys alexis; C. N. alexis; D. N. alexis; E. N. mit-
clrellit; F. Ratius sordidus; G. R. colletti; H, R. I leucopus; 1. R. fuscipes greyi; J. R. lutreolus.

in lengths to thosc of the other groups. cxcept
for N. alexis, thc resultant total Iength of the
sperm was considerably greater.

Testis aud male accessory organs

Analysis of gonadal weights has becn per-
formed on some of the species of animals that
yielded motile spcrm. Table 2 demonstratcs
that testis weight/g body weight was similar in
P. australis, R, fuscipes grevi, M. littoralis and
I}, chrysogaster in spite of the considerable

range of absolute body weights (60-540 g).
The relative testis weight of Z. argurus was
somewhat less and those of N. alexis and N.
mitchellii were markedly lower than in the
other species examined (Tablc 2),

The testes of P. australis, R. fuscipes, M.
littoralis, H. chrysogaster and Z. argurus in-
variably occurred in a scrotal sac with the tail
of the epididymis protruding into an extension
of this towards the body wall of the scrotum.
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By contrast, thc testes of N, alexis and N. mit-
cliellii appcared to usually bc naturally crypt-
orchid and lay in the abdomen close to the
body wall ventral to the tail. Externally the
skin of Notomys species (and other species)
was usually pigmented and only somctimes a
slight swelling occurred. The tail of the
epididymis lay in a small cremastic sac.

The relative weights of the male accessory
organs of R. fuscipes, M. littoralis, H. cliryso-
caster, and P. australis werc similar. Scminal
vesieles, together with coagulating glands
when present, ranged from 0.4 to 1.8% of
total body weight, and those for ventral pros-
lates 0.06-0.319. The relative weights of
seminal vesicles and coagulating glands for Z.
arguris werc somewhat less (0.39%-0.5%).
although that of the ventral prostate was simi-
lar. The morphology of the seminal vesicles of
Z. argurus (Fig. 3) differed somewhat from
that of the other species. N. alexis and N. mit-
cliellii had seminal vesicles that were only just
visible to the naked eye. They measured about
3 mm in maximum diameter. Coagulating

" b ol ) . I !
ooy : ® ' .- .~ A c¢lands could not be found on macroscopic dis-
) it B . ;
B . . . LseWirwae section, but the relative weights of the ventral
Fig. 3. Male reproductive tracts: A. Notomys prostates were considcrably grcater than those
alexis; B. Zyzomys argurus. T = testis.  for the other species examined cxcept for R.
VD = vas deferens, SV = seminal vesicle, . .
EP — tail of epididymis, VP - ventral fuscipes. Development of thc ventral prostate
prostate. occurs rapidly at around the time of puberty
TABLE 2
Body and male reproductive organ weights of some Australian native rodents.
. No. of Body wt Testis wt Seminal Ventral
Species animals (2) (mg) vesicle and prostate wi
coagulating (mg)
gland wt
(mg)
Hydromys chrysogaster 1 536 12460% ** 2378 i
(2.3%) (0.4%)
Melomys littoralis 3 61 =3 1684 = 62 700 = 14 63 =9
(2.6-3.0%) (1.0-1.3%) (0.08-0.1%)
Notomys alexis 4 29 =2 33+9 — 97 £20
(0.17-0.07%) (0.20-0.46% )
N. mitchellii 2 332 61 =5 —* 79 *+3
(circa 0.2%) (. 0.2%)
Pseudomys australis 3 59+ 6 1739 == 362 1000 == 94 60 =9
(3.0-4.5%) (1.4-1.8%) (0.06-0.16%)
Rattus fuscipes 3 100 == 21 4410 == 231 1270 = 186 247 = 38
(3.4-6.1%) (1.0-1.6%) (0.29-0.31%)
ZNZOMYS argurits 3 53 =11 400 == 49 185 =27 43 =3
(0.4-1.1%) (0.3-0.5%) (0.07-0.13%)

Seminal vesicles and coagulating glands are vestigeal in Notomys species. Maximum diameter of

about 3 mm.
Not weighed.

##% Range of ratios of organ weights to total body weights expressed as percentage.
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exeept Rattus and the other that gave rise to
the “native” species of Ratrus. More reeently
Baverstoek er al. (1977b. 1977¢), from chro-
mosomal  data. concluded similarly for the
Australian rodents. Our data on sperm mor-
phology therefore supports the phylogenetic
conclusions of these authors, but conflicts with
those of Tate (1951) who regarded the Hydro-
myinae as a separate subfamily and Simpson
(1961) who regarded the Hydromvinae and
Pscudomyinae (excluding Rattus) us separate
subfamilies.

The significance of interspecific differences
in spcrm morphology has becn discussed by
Friend (1936), Faweett (1970, 1971. 1975,
1977) and others. Some mammal spermatozoa
have large acrosomes, e.g. guinea pigs (Fawcett
1970} and musk shrews (Green & Dryden
1976). The latter relate this to the thick
corona radiata around the eggs. Acrosomes of
spermatozoa of the Pseudomyinace/Hydro-
myinae/ Uromyvs/ Melomys stock were not very
well developed, whereas those of the Rairus
spp. were similar to that of the laboratory rat.

The sperm head is very rigid. which may be
neccssary for penctration of the thick zona
around the egg (Bedford & Calvin 1974},
whereas the hook of murid sperm may be
involved in motility (Cohen 1977), However.
head shape does not appear to be elosely
related to species specificity for penctration of
the oocytes, as human sperm can penetrate
hamster eggs (Rudak er al. 1978). Fawcett
(1977) has suggested that the hook may deflect
the sperm from the surface of the mucosal

lining in the oviduet but as yet there appcars
10 be no evidence for this.

The midpicce also differs greatly between
species, Occurrence of increascd mitochondrial
development of the midpiece correlates with
the evolution of internal fertilization (Afzelius
1971 Fawcett 1978), but variation in number
and shape of mitochondria between species of
mammals has not yet been given any satisfac-
tory explanation. There is no obvious correla-
tion between number of mitochondria and the
distance sperm have to swim to bring ahout
fertilization. Thus although therc is as yet no
agreed explanation for ecither sperm head
shape or midpiece length in mammalian
spermatozoa, these characters may be useful
in determining  phylogenetic similarities and
differences when taken into eonsideration with
other morphologieal, biochemical, cytological
and bchavioural characteristics.
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ASPECTS OF GROWTH AND FEEDING IN GOLDEN CARP, CARASSIUS
AURATUS, FROM SOUTH AUSTRALIA

BY B. D. MITCHELL

Summary

Age and growth were determined in populations of Carassius auratus from the River Murray,
Millbrook Reservoir, and a farm dam. Fish from Millbrook grew most rapidly, reaching 13.1 cm at
the end of the first year’s growth. The Uraidla population exhibited the lowest growth rate, reaching
4.7 cm at the end of the first year. Significant differences in length-weight relationships occurred
between all populations. The length () —weight (w) equations were: Millbrook, w = 0.029°"* (* =
0.989); Cobdogla, w = 0.014F°* (¥ = 0.923); Uraidla fish (< 6 cm), w = 0.024/°" (* = 0.950),
Uraidla fish ( > 6 cm), w = 0.054°7 (* = 0.908).



